We examined den-site selection patterns for western spotted skunks (Spilogale gracilis) and striped skunks (Mephitis mephitis) co-occurring in mesquite brushland of Tom Green County, Texas. Sixteen S. gracilis and 14 M. mephitis were radiocollared to locate den sites from October 2001 through June 2003. Characteristics of dens were assessed using 23 habitat variables. S. gracilis favored den sites with dense mesquite (Prosopis glandulosa), shrubs, and cacti (Opuntia), whereas M. mephitis used these areas but also more open habitats. Den habitats of S. gracilis were more uniform than were those of M. mephitis, implying that S. gracilis is more specialized in den-site selection. Both species used multiple den sites, both above and below ground, rather than a primary den. Aboveground denning occurred year-round for both species. For S. gracilis, 56% (n ¼ 60) of dens were above ground, but denning was more common above ground in the spring and summer. Aboveground denning was more common than belowground denning for M. mephitis in all seasons, representing 64% (n ¼ 50) of all dens. Den habitat analysis suggests that S. gracilis, unlike M. mephitis, may be limited to areas with sufficient cover, including prickly pear cactus, for denning.
Dens are essential components of the life history of most carnivores (Endres and Smith 1993; Koopman et al. 1998; Ruggiero et al. 1998 ) and may be a limiting factor affecting abundance and distribution of populations (Crooks 1994a) . Studies examining patterns of habitat use and survivorship of mammals often use den sites as an important ecological factor (Bixler and Gittleman 2000; Carroll 2000; Donadio et al. 2001; Gehrt and Fritzell 1999; Griesemer et al. 1998) . However, few studies have addressed community-level assessment of den-site selection for sympatric carnivore species.
Mephitis mephitis (striped skunk) and Spilogale gracilis (western spotted skunk) occur sympatrically in most of westcentral Texas (Schmidly 2004 ) and throughout much of western North America (Rosatte and Larivière 2003) . These species are easily distinguished by their coat patterns and skull features, and S. gracilis also is much smaller (about 0.8 kg) than M. mephitis (2-4 kg). A 3rd species, Conepatus leuconotus, (American hog-nosed skunk) co-occurs with these species in some areas of western Texas. Hog-nosed skunks were caught infrequently at our study site and were not included in this study.
Mephitis mephitis and S. gracilis are, in a broad sense, ecologically and morphologically similar, but differences in their microhabitats and diets likely allow them to coexist in similar habitats. Relatively little is known about the ecology of S. gracilis as compared with the more common and widespread M. mephitis. This is especially true for denning ecology of these species. For S. gracilis, general information on denning habitat associations has been provided for populations in Durango, Mexico (Baker and Baker 1975) , and in Washington and Oregon (Carey and Kershner 1996) . More in-depth analysis of den-site selection for S. gracilis was conducted in California on Santa Cruz Island (Crooks 1994a) and in the Sierra Nevada (Carroll 2000) . Additional studies of the eastern spotted skunk (Spilogale putorius), including some descriptions of den sites (Crabb 1948; Kinlaw et al. 1995; McCullough and Fritzell, 1984) , have been conducted in parts of the eastern United States.
For M. mephitis, several investigators have addressed densite selection as part of larger studies (Allen and Shapton 1942; Bixler and Gittleman 2000; Patton 1974; Shirer and Fitch 1970; Verts 1967) and some have focused specifically on denning ecology (Houseknecht 1969; Houseknecht and Tester 1978; Larivière and Messier 1998; Larivière et al. 1999; Storm 1972) . The majority of studies of M. mephitis have been conducted at northern latitudes of the species' range. Only recently has the ecology of M. mephitis been quantitatively studied as far south as Texas (Hansen 1997; Hansen et al. 2004) . Patton (1974) conducted a comprehensive study of all 4 species of skunks (S. gracilis, M. mephitis, M. macroura [hooded skunk], and C. leuconotus) that occur in the Trans Pecos ecoregion of Texas but did not use radiotelemetry to track them or quantitatively analyze habitat associations. In this study, we collected data on denning habitats and den site-selection of radiocollared S. gracilis and M. mephitis at a site in west-central Texas to assess factors that might separate them ecologically.
MATERIALS AND METHODS
Study area.-Skunks were studied at a 3,040-ha site at the border of San Angelo State Park and the Angelo State University Management, Instruction, and Research Center in Tom Green County, Texas. This area is dominated by mesquite (Prosopis glandulosa) and prickly pear cactus (Opuntia), and some parts have been managed extensively for livestock and wildlife through patterned brush control. The area consists of strips of dense mesquite and prickly pear rangeland, left as wildlife corridors in the 1970s, broken by pastures cleared for livestock grazing. The study site includes some agricultural fields and several dry creeks. These creek beds are generally associated with pecan (Carya illinoinensis), western soapberry (Sapindus drummondii), and black willow (Salix nigra) trees. The soil consists primarily of Angelo clay loams of 1-3% slope with small patches of Mereta clay loams and Tulia loams (Wiedenfeld and Flores 1976) . The climate in this area is semiarid with a mean annual precipitation of 53 cm. During this study, precipitation averaged near or above the mean (2001, 53.7 cm; 2002, 54.8 cm) . Daily high and low temperatures range from 158C and 0.58C, respectively, in December to 358C and 218C in July.
Capture and radiotelemetry.-We collected data on skunk populations from August 2001 to July 2003. Trapping, handling, and marking of animals followed guidelines of the American Society of Mammalogists (Animal Care and Use Comittee 1998) . We captured skunks in 3 sizes of Tomahawk live traps (Tomahawk Live Trap Co., Tomahawk, Wisconsin): 51 Â 18 Â 18 cm, 66 Â 23 Â 23 cm, and 81 Â 25 Â 30 cm. Baits were varied (raw chicken eggs, chicken livers, chicken meat, canned cat food, or fruit) to determine if some were favored by S. gracilis or M. mephitis.
Captured skunks were anesthetized with a 2:1:1 ratio of ketamine hydrochloride (10 mg/kg), xylazine (5 mg/kg), and acepromazine (1 mg/kg- Edwards et al. 1998) . Once anesthetized, skunks were marked individually with ear tags (National Band and Tag Company, Newport, Kentucky) or passive integrated transponders (Avid Identification Systems Inc., Norco, California) inserted under the skin of the neck. Each skunk was measured, weighed, and fitted with a 2-year radiocollar (Telemetry Solutions, Concord, California) . The sex of captured animals was recorded, but age was not determined. The use of tooth wear has not yet been shown to be effective for age identification of spotted skunks (Johnson et al. 1989 ). However, all collared skunks appeared to be mature. Radiocollars weighed 24 g for S. gracilis and 30 g for M. mephitis and did not exceed 5% of the individual's body weight. Skunks generally experienced a period of anesthesia of 30 min with no obvious adverse effects. Representative voucher specimens of both species were deposited in the Angelo State Natural History Collections.
Den characteristics.-Den sites were located via homing and locations were recorded in universal transverse mercator coordinates with a handheld global positioning system unit (Garmin, Olathe, Kansas). All sites where an individual animal remained inactive during the day were considered dens for the purposes of this study.
Number and dimensions (minimum by maximum) of entrances were recorded for underground dens when feasible. Depth of burrows was estimated with a video burrow probe (Sandpiper Technologies, Manteca, California) . Substrate of all aboveground den sites and cover type of burrows (major vegetation concealing the burrow) also were documented.
Den habitat analysis.-Plots for den habitat analysis consisted of a 20-m-diameter circle around each den. A duplicate plot was assessed 50 m away at a random bearing to measure habitats without den sites. Percent canopy cover, cactus, shrub, forb, grass, wood, and bare ground all were estimated using the line-transect method for each den plot. Line-transects (10 m) radiated in cardinal directions from the plot center (at the den). Number of pieces of coarse woody debris (>10 cm diameter), number of small (,10-cm diameter at breast height), and large (.10-cm diameter at breast height) mesquite trees, and number of trees that were not mesquites were recorded for each plot. The diameter at breast height was measured either at a height of 1.5 m or just below the lowest branch that decreased the size of the trunk. Height of individual shrubs and abundance of each species were recorded for each plot along the 4 cardinal directions within 1 m from the linetransect measuring tapes. Visual obstruction of the den by surrounding vegetation was measured from 5 m away while kneeling with a 1.0-m Robel pole (Robel et al. 1970 ) with 10-cm colored graduations.
A principal component analysis was conducted on den-site variables to normalize and reduce the dimensionality of the data. A multivariate analysis of variance test (MANOVA) was used on the principal component analysis scores to evaluate differences in den habitats between the 2 species and the sexes of each species. A canonical discriminant function analysis was performed on the principal component analysis scores to further illustrate and characterize the relationships of these den-site characteristics (Warner 2002) . The jackknifed classification matrix portion of the discriminant function analysis was used to assess uniformity of den sites and compare levels of specialization of den habitats for these species (Sokal and Rohlf 1995) . All statistical procedures were performed with SYSTAT 9 (SPSS Inc. 1998). All values are given as mean 6 SD unless otherwise indicated.
Den use patterns.-One or 2 den sites per radiotagged individual were located each week during the study period. An objective was to determine whether skunks used the same den repeatedly or whether they used a network of dens that presumably were available to the entire population. All den locations were determined during daylight hours.
Dates of den occupation were recorded to analyze correlation between season and the use of aboveground den sites. Only den sites assessed in the habitat analysis portion of this study were used in the aboveground and belowground analyses. Den sites for these analyses were classified as below ground if they were burrows or woodpile dens. All other den substrates were classified as above ground. captured a total of 41 times, yielding a trap success of 0.86%. Fourteen individuals (10 males and 4 females) were radiocollared and tracked. Only 5 M. mephitis were recaptured and 22 males were captured and released for lack of collars and to attempt to balance the sex ratio of study animals. The overall sex ratio of trapped M. mephitis was 8:1 (males : females). Trap success for M. mephitis was 1.2% in winter, 1.9% in spring, 0.6% in summer, and 0.5% in autumn. Twenty-one M. mephitis were captured with canned cat food, 11 with chicken livers, 3 with eggs, and 6 with fruit.
Sixteen S. gracilis (14 males and 2 females) were captured a total of 23 times, including 7 recaptures. S. gracilis had an overall trap success of 0.48%, with 0.07% in winter, 0% in spring, 1.6% in summer, and 0.51% in autumn. Ten S. gracilis were captured with canned cat food (primarily whitefish), 9 with chicken livers, 3 with eggs, and 1 with fruit.
Den characteristics.-We located 56 den sites for M. mephitis and 76 for S. gracilis. Because of time constraints, we limited analysis of den characteristics and den habitats to 50 den sites of M. mephitis (34 males and 16 females) and 58 den sites of S. gracilis (32 males and 26 females).
Ten (20%) of the 50 dens for M. mephitis were located in burrows. Mean dimensions (minimum by maximum) of entrances (n ¼ 11; 16.3 6 5.6 cm Â 22.6 6 7.14 cm) for M. mephitis were larger than those of S. gracilis. Average depth of measurable burrows (n ¼ 7) was 1.53 6 0.88 m and the average number of entrances was 1.11 (1 of 10 burrows had 2 entrances). Herbaceous plants represented the principal type of cover for burrows of M. mephitis (40%). Cactus covered 30% of the burrows, shrubs 10%, mesquite 10%, and a combination of shrubs and cactus covered 10%.
Most den sites for M. mephitis (n ¼ 50) were located in prickly pear (38% of dens). Twenty percent were in burrows, 16% in woodpiles, 14% in grass, and 12% were located under shrubs (Fig. 1) . Males tended to use more cactus (47% versus 18%) and fewer burrows (12% versus 38%) and woodpiles (12% versus 25%) than did females.
For S. gracilis, 14 (22%) of the 58 dens were located in burrows. Mean dimensions of entrances (n ¼ 19) were 11.4 6 4.7 cm Â 14.4 6 8.1 cm. Average depth of measurable burrows (n ¼ 3) was 1.23 6 0.73 m and average number of entrances was 1.56 (3 of 14 dens had 2 entrances and 1 den had 3 entrances). No burrows of S. gracilis were located in open grasslands. Most burrows occupied by S. gracilis were covered by cactus (61.5%), followed by shrubs (23.1%), and both shrubs and cactus (15.4%). Cactus covered S. gracilis burrows twice as often as it did burrows of M. mephitis, and no burrows of S. gracilis were observed to have had herbaceous cover.
Half of the dens for S. gracilis were located in cactus. Burrows and woodpiles each comprised 22% of den sites, with tree cavities and hollow logs comprising 6% (Fig. 1) . Both species used cactus, woodpile, and burrow substrates, but S. gracilis never used grass or shrub substrates and M. mephitis never used trees.
Den-habitat analysis.-Principal component analysis on habitat variables collected within 10 m of the den sites for each species and from random sites produced 23 principal components. Eigenvalues for the first 7 components were .1.0 and accounted for 70.9% of the standardized variance (Table  1) . Scores for these 7 factors were used as variables in the discriminant function analysis.
Den habitats did not differ between sexes of M. mephitis Den habitats of S. gracilis and M. mephitis were well separated on the canonical scores plot of the discriminant function analysis (Fig. 2) , primarily along the horizontal axis. This axis represents a gradient of open to shrubby sites, with open sites arrayed to the left side and shrubby sites arrayed to the right. Factor scores 1, 2, and 3 had the most effect on the horizontal axis (Table 2) . Factor 1 was positively influenced by the amount and diversity of shrubs, whereas percentage canopy cover, number of large mesquites, and the amount of tasajillo (Opuntia leptocaulis) negatively affected factor 2 (Table 1) . Factor 3 was negatively impacted by percentage wood and by the amount of coarse woody debris.
Little separation of den habitats of the 2 species occurred along the vertical axis of the canonical scores plot (Fig. 2) . Den sites at the top of the plot generally have more large mesquites, canopy cover, and tasajillo, whereas sites at the bottom have more coarse wood debris, cactus, and denser vegetation. Factor scores 2, 3, and 4 have the most impact on the vertical axis. Factor 4 is influenced negatively by percentage prickly pear cover and affected positively by the average total Robel reading (note that lower Robel readings reflect denser vegetation).
The jackknifed classification analysis correctly reclassified den sites of M. mephitis 32% of the time, those of S. gracilis 80% of the time, and randomly selected sites 75% of the time. The overall correct reclassification for the den sites and for randomly selected areas was 67% (Table 3) .
Den use patterns.-Fifty-six dens of M. mephitis were located; only 6 of the dens were used by the same individual more than once. No dens of M. mephitis located in this study were used by more than 1 animal, either on the same day or on different days. Seventy-six dens of S. gracilis were located in this study. Only 9 dens were occupied more than once by a single individual and only 3 were used by 2 individuals (on different occasions).
Aboveground denning occurred year-round for both species. For S. gracilis, aboveground denning was more common in the spring and summer, whereas belowground denning was more common in the autumn and winter months (Fig. 3a) . Aboveground denning was more common than belowground denning for M. mephitis in all seasons (Fig. 3b) . Aboveground dens were used by S. gracilis 56% (n ¼ 60) of the time and by M. mephitis 64% (n ¼ 50) of the time. No communal denning was observed during this study. There were never 2 or more radiocollared individuals in the same den at the same time for either species, nor was interspecific communal denning observed.
DISCUSSION
Capture.-Few studies report trap success rates for target species of carnivores. Our overall trap success for M. mephitis (0.86%) was similar to that found by Bixler and Gittleman (2000) . Assuming no recaptures, we calculated their trap success at 0.44%, comparable to ours. The highest capture rates for M. mephitis occurred in spring and late winter, coinciding with the breeding season when males presumably are searching for mates.
For S. gracilis, overall trap success (0.48%) was lower than the 1.4% in the Sierra Nevada of northern California (Carroll 2000) and slightly lower than the 0.57% on the Channel Islands of California (Crooks 1994b) . Our captures for S. gracilis might have been more frequent if our trapping efforts had been focused on areas of suitable habitats for S. gracilis, rather than across various habitats of the study area. The highest capture rates for S. gracilis were in late summer and early autumn, which also coincide with the breeding season. S. gracilis mates in the early autumn; females then undergo delayed implantation and young are born in the spring (Mead 1968) .
The bias in sex ratios toward male captured skunks was probably not representative of the population. Reasons for this bias are unknown, but could be related to males moving more than females during the breeding season.
Den characteristics.-Number and mean dimensions of entrances for M. mephitis were similar to those reported by Storm (1972) in northwestern Illinois. Previous studies have reported mean number of den entrances ranging from 1.32 to 2.19 (Allen and Shapton 1942; Selko 1938; Storm 1972; Verts 1967) . Burrow length for dens of M. mephitis (1.53 6 0.88 m) was similar to that for 3 natal dens excavated by Verts (1967) but less than the mean of 2.13 m documented by Storm (1972) for 12 dens in Illinois. Patton (1974) reported about half of dens of M. mephitis were located along fencerows, irrigation ditches, rock outcroppings, and below trees. The rest were under man-made structures such as houses, barns, and commercial buildings. Buildings and farmsteads are commonly used den sites for M. mephitis, especially when closed spaces occur beneath the building (Larivière et al. 1999) . We located no dens under buildings. We found it surprising that most dens (64%) used by M. mephitis in this study were above ground in cactus, open grassland, and under shrubs. Patton (1974) made no reference to aboveground den sites at the study area in Trans Pecos, Texas; however, this may reflect the lack of radiotelemetry in his study. M. mephitis in more northern latitudes has been reported to use aboveground resting sites commonly, ranging from about 47% to 57% of overall den sites (Houseknecht and Tester 1978; Larivière and Messier 1998) . We found only 20% of dens of M. mephitis in burrows and these were located in cactus, herbaceous cover, shrubs, and at the base of mesquite trees.
Depths of burrows reported here for S. gracilis are the 1st for the species. Dimensions of entrances recorded for S. gracilis in this study were similar to those reported by Carroll (2000-10.0 6 7.0 cm Â 18.9 6 20.5 cm). Dimensions in both studies were larger and more variable than those reported by Crooks (1994a-10.6 6 2.95 cm Â 10.7 6 3.93 cm). Crooks (1994a) reported that all burrows examined in his study presumably were excavated by island spotted skunks (S. gracilis amphiala), the only burrow-dwelling, medium-sized mammal that occurs on Santa Cruz Island, California. Carroll (2000) reported that most of the time S. gracilis occupied dens excavated by other mammal species. In west-central Texas, many other medium-sized mammals in addition to M. mephitis and S. gracilis excavate and use burrows, including Virginia opossums (Didelphis virginiana), raccoons (Procyon lotor), ringtails (Bassariscus astutus), red foxes (Vulpes vulpes), gray foxes (Urocyon cinereoargenteus), hog-nosed skunks, American badgers (Taxidea taxus), and 9-banded armadillos (Dasypus novemcinctus-Schmidly 2004). Examination of our data supports the findings of Carroll (2000) , which would account for the larger and more variable den dimensions of S. gracilis in this study, relative to those reported by Crooks (1994a) .
Cover for belowground burrow entrances was important in den-site selection for S. gracilis, because no entrances were found in the open and well over half (61.5%) were covered by prickly pear. Carroll (2000) also found den cover, including shrubs, trees, rocks, and logs, to be important for S. gracilis in the Sierra Nevada of California. In contrast, 21% of dens of S. gracilis on Santa Cruz Island occurred in open grassland (Crooks 1994a) .
Substrates for dens other than burrows of S. gracilis were similar to those reported by Carroll (2000) , Crooks (1994a), and Patton (1974) , except that we found no S. gracilis using man-made structures or rock cavities, both rare at our study site. Aboveground den sites in cactus have not been reported previously for skunks, although hooded skunks are known to use some cactus as escape cover (Reed and Carr 1949) . Cactus represented 50% of the aboveground den substrates used by S. gracilis in our study.
Den-habitat analysis.-Before this study, multivariate analysis of skunk den sites has been conducted only by Carroll (2000) , who reported differences between sexes in use of den sites. We found no differences in den-habitat selection between sexes of either skunk species.
We documented significant differences between den habitats of M. mephitis and S. gracilis, relative to randomly selected sites. Our analyses imply preferences in the habitat variables measured for these species, although the levels of preference between the species do not appear to be the same. S. gracilis generally selected den sites surrounded by dense cactus, shrubs, and older mesquite trees, whereas M. mephitis used den sites in these dense areas, but also used open areas. Fourteen percent of dens of M. mephitis were aboveground and had only grasses as cover. Differing levels of uniformity of the variables, as measured by the jackknifed classification, demonstrated differing degrees of specialization with regard to den-site selection for each species. Notably more dens of S. gracilis (80%) were reclassified correctly than were dens of M. mephitis (32%), indicating that the former is more specialized in its den-habitat preferences. Dens of M. mephitis were more frequently reclassified (40%) as random sites than were dens of S. gracilis (12%), suggesting that M. mephitis had less specific habitat preferences for den sites than did S. gracilis.
Den use patterns.-Mephitis mephitis and S. gracilis used multiple dens in several different substrates. Neither species was loyal to a particular den site, or even to 2 or 3 den sites. Both species used a network of den sites that were spread across an individual's home range, which averaged 669 ha for M. mephitis and 39 ha for S. gracilis (Doty 2004) . Each species appeared to use dens excavated by other species, evident by the entrance dimension data. Previous studies in northern states reported that skunks used only 1 or 2 den sites throughout the winter (Carroll 2000; Storm 1972 ). In our study, skunks changed dens almost daily in both the summer and winter.
As evidenced by the number of dens used by each skunk and the general lack of den sites being used by multiple skunks, den sites did not seem to be a limiting factor for either species. Individuals of neither M. mephitis nor S. gracilis returned to the same den on a regular basis. This is in agreement with Larivière and Messier (1998) , who estimated the occurrence of reused dens by M. mephitis to be ,5%. We did not observe communal denning for either species in this study, although communal denning of females or of a male and a female has been documented for both species in winter (Crooks 1994a; Houseknecht 1969; Storm 1972) . Although no radiocollared individuals shared a den site, a nontagged skunk could have been denning with a tagged one. The mild winters in Texas, relative to those of northern states, also may explain our lack of observed communal denning.
Although aboveground denning has been documented for M. mephitis (Houseknecht 1969; Houseknecht and Tester 1978; Larivière and Messier 1998; Storm 1972; Weller and Pelton 1987) , we found aboveground den sites for striped skunks to be more common than belowground sites in all 4 seasons. The mild winters in Texas most likely reduce metabolic stress, relative to northern latitudes, and allow aboveground denning throughout the year. The cover and safety that cactus and thorny shrubs provide also may decrease the need for belowground burrows, although several aboveground den sites of M. mephitis were located in dense, tall grasses such as silver bluestem (Bothriochloa laguroides).
In contrast to M. mephitis, aboveground den sites have not been reported for S. gracilis (Verts et al. 2001) . Aboveground denning of S. gracilis was more common than belowground denning in the spring and summer, but the latter was more common in the autumn and winter. In west-central Texas, dense cover with cactus and thorny shrubs provides safety equal to underground burrows for S. gracilis, which can maneuver easily through the dense, spiny vegetation. This most likely allows S. gracilis to den above ground on our study site. The mild winters also allow some continued aboveground denning throughout the year.
Based on our findings, M. mephitis and S. gracilis coexist in habitats of west-central Texas that provide sufficient cover for S. gracilis. As habitat generalists, M. mephitis are rarely excluded from areas because of habitat constraints. In contrast, S. gracilis may well be limited to areas with dense cover, including patches of prickly pear cactus, to provide multiple den sites throughout the year.
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